Background: Depressive disorders have been linked to health risk-related behaviours (HRBs) considered separately. Our objective was to study whether depression is associated with the co-occurrence of HRBs in adults. Methods: A sample of 17 355 subjects aged !18 years, derived from the 2002-03 crosssectional Decennial Health Survey; probable depression was assessed with the CES-D scale. A cluster analysis of various HRBs (tobacco use, alcohol use, binge drinking, physical inactivity, certain eating habits) was used to study their co-occurrence. Multiple regressions adjusted on demographic and socioeconomic characteristics, Body Mass Index and chronic illnesses were performed to study associations between probable depression and the HRBs clusters obtained. Results: Five clusters were observed evidencing a gradient of cumulative exposure to HRBs: 'healthy lifestyles (Cluster 1), 'non-dailyconsumers-fruit-and-green-vegetables' (Cluster 2), 'regular alcohol users' (Cluster 3), 'daily smokers' (Cluster 4) and 'cumulate risk takers' (Cluster 5). Compared with Cluster 1, positive associations were found between probable depression and Clusters 2, 4 and 5: OR 1.49 (95% CI 1.26-1.76) for Cluster 2; OR 1.81 (95% CI 1.54-2.12) for Cluster 4; OR 2.05 (95% CI 1.68-2.51) for Cluster 5. For Cluster 3, no association was found: OR 1.01 (95% CI 0.84-1.21). Conclusions: HRBs tend to co-occur in the general population, more frequently in case of probable depression. Further research is necessary to disentangle the direction of the links between depression and HRB clusters. Nonetheless, these results question the classic design of education campaigns considering HRBs separately. Moreover, screening for depression should be systematic during prevention consultations and various HRBs should be monitored when treating depressive patients. 4 An increasing number of studies have pointed to an association between depressive disorders and various health risk-related behaviours (HRBs) in various population groups (general population, young adults, adults, elderly, etc.): tobacco use or dependency, 5,6 alcoholism, 7 insufficient physical or sporting activity, [8] [9] [10] [11] and unhealthy eating habits. 8, 12, 13 But only a few studies, which mainly concern adolescents, 14-16 have sought to determine whether or not depression increases the probability of co-occurrence of several HRBs. These studies suggest that risk-related behaviours tend to cluster or co-occur rather than occurring in isolation 17 and this may have important implications in terms of health education and prevention.
Introduction
D epression, with a lifetime prevalence of 14% in Western Europe 1 and 17% in the USA, 2 has severe consequences in terms of social impairment 3 and socio-economic cost. 4 An increasing number of studies have pointed to an association between depressive disorders and various health risk-related behaviours (HRBs) in various population groups (general population, young adults, adults, elderly, etc.): tobacco use or dependency, 5, 6 alcoholism, 7 insufficient physical or sporting activity, [8] [9] [10] [11] and unhealthy eating habits. 8, 12, 13 But only a few studies, which mainly concern adolescents, [14] [15] [16] have sought to determine whether or not depression increases the probability of co-occurrence of several HRBs. These studies suggest that risk-related behaviours tend to cluster or co-occur rather than occurring in isolation 17 and this may have important implications in terms of health education and prevention.
In 2002-03 a national cross-sectional survey was conducted on health and health-related behaviours in the French general population (the Decennial Health Survey). The present article aims, in the adult population, to study whether depression is associated with the co-occurrence of various HRBsunhealthy eating, physical inactivity, tobacco and alcohol use.
Methods

Study design and population
Households were selected randomly from those identified (addresses) in the national census. The survey concerned all individuals in a given household for whom the randomly drawn address was their main residence. People living in institutions (e.g. retirement homes, religious communities, prisons and hospitals) or mobile homes or who were homeless were not included. Out of the 25 086 addresses randomly selected, 21 656 (about 51 000 inhabitants) met the inclusion criteria for households (the randomly drawn address was the main residence), and 14 813 households (35 073/51 000 individuals (68.8%), of whom 26 341 were !18 years) took part in the three interviews; 20 315/35 073 (57.9%) handed in completed, useable questionnaires. In the present study, the following were excluded from the analysis: (i) Individuals who were under 18 (n = 2733); (ii) individuals who failed to complete information on their weight and height (n = 12); (iii) women who were at least 5 months pregnant (n = 102); (iv) individuals for whom the data required for the present study as recorded during the visits/interviews was incomplete (n = 115). In all, the study included 17 355 individuals.
Study variables
The Decennial Health Survey used a combination of three face-to-face interviews during three home visits 1 month apart and a self-administered questionnaire to collect data at individual level. The self-administered questionnaire was given to respondents at the time of the first visit, and returned on the second or third visit. It comprised in particular the Center of Epidemiological Studies Depression Scale (CES-D). This widely used instrument, which has a validated French version, enables assessment of current intensity of depressive symptoms, and screening for potential cases of depression.
From the 20 items that it comprises, a depressiveness score has been constructed (range 0-60, the highest score relating to the most severe symptoms). Cases of 'probable depression' have been defined as scores over 17 for men and over 23 for women. 18 The self-administered questionnaire also included questions on tobacco use: 'Are you a smoker?'-Yes, every day; yes, not every day; no, but previously I smoked every day; no. A dichotomous indicator for tobacco use was constructed: current non-smoker (and previous or occasional smokers) vs. current smoker. Regarding alcohol use, the questionnaire included the following two questions from Audit-C: 20 'How often to you drink beverages containing alcohol?'; 'How often do you drink six glasses or more of alcoholic beverages on a single occasion? For these two questions, the response scale used was different from that of the Audit-C: never, once a month or less, twice or 3 times a month, once or twice a week, 3 or 4 times a week, 4 or 5 times a week, almost every day. A dichotomous indicator for alcohol use and binge drinking was constructed: consumption of alcohol at least 4 or 5 times a week (regular users) vs. less, consumption of at least six glasses on the same occasion at least twice a month vs. less.
At the time of the first visit, information was collected on gender, age, profession, income, health insurance, and current pregnancy (yes/no). The present profession (or that of last employment) was recoded into the following categories according to the recommendations of the French National Institute for Statistics and Economic Studies: 21 white collar/ managerial; blue collar; unskilled workers/labourers; selfemployed/trade; intermediate professions; has never worked. The income per consumption unit (hereafter 'income category') was calculated on the basis of total income of all the members of the household over the last 12 months (net amount in Euros) and the number of members of the household, using the Organization for Economic Co-operation and Development (OECD) equivalence scale. 22 The questionnaire asked the participants whether they had a complementary health insurance, (providing a better reimbursement rate than the 'Se´curite´sociale' coverage alone) [no; yes via the state assisted 'couverture me´dicale universelle' (CMU) for individuals with low incomes; yes, via a non-assisted contract].
During the second visit, participants were asked to report presence of chronic illness, weight and height. Obesity was defined as a BMI (relationship of weight to squared height) of !30 kg/m 2 , overweight as between 25 and 29.9 kg/m 2 , underweight as under 18.5 kg/m 2 . During the third visit, information was collected on any new chronic illness, any new pregnancy, and on eating habits and physical activity. Because of constraints on the length of interviews, a brief qualitative food frequency questionnaire used in the preceding Decennial Health Survey (1991-1992) was used do collect information on eating habits. 23 Questions were asked on the consumption on various food groups, including fruit and green vegetables, with the following scale of consumption frequency: 'Nearly every day; at least once a week; less than once a week; seldom or never'. We restricted our analyses to fruit and green vegetable consumption to avoid an over-representation of eating behaviours compared with other HRBs included in the analyses and because eating fruit and vegetables each day is recommended in public educational campaigns in France. A dichotomous indicator of fruits and green vegetables consumption was constructed: consumption daily or almost daily vs. the other responses grouped. For physical activity, the question was as follows: 'Do you regularly engage in some sport or activity that you would view as sport in terms of intensity or duration?' Yes/no.
Statistical analysis
The sample was weighted to take account of the characteristics of non-participants in face-to-face interviews and individuals who did not complete the self-administered questionnaire, and to obtain a representative sample of the French general population for gender, age, educational level of the reference subject in the household, type and size of household, region, size of locality, type of housing. 21 A cluster analysis was conducted to identify clusters of individuals determined by the association of different HRBs. Cluster analysis enables the study of the statistical proximity of individuals on the basis of the factors under study (HRBs), without preconception as to any relationship among these factors. Clustering implies that the distribution of the factors studied is not independent, but instead reflects their common features. Thus a classification procedure enables the evidencing of risk factors that have been statistically defined according to criteria of similitude or distance. 24 To focus on behaviours deviating from recommendations, we used the following dichotomous variables: daily tobacco use, low consumption of fruit and green vegetables, little sporting activity, regular alcohol use and frequent binge drinking. We used the Ward distance which links clusters on the basis of the degree of similarity between observations in the same cluster: this is done by minimizing the within-cluster sum of the squares of each cluster when clusters are linked. 25 The corresponding decision tree (figure 1) was constructed using the SAS proc tree procedure. The number of clusters was chosen in accordance with the inter-cluster loss of inertia that could be visualized on the decision tree: the decision rule was to select the cluster number maximizing inter-cluster loss of inertia (figure 1). 26 To check any impact of a potential household effect on the results a concordance analysis was conducted between the clusters initially observed and those obtained from a sub-sample comprising a single individual drawn randomly from each household.
The association between belonging to one of the clusters (dependent variable) and the presence of probable depression (yes/no)-or the depressiveness score-(explicative variables) was tested with non-ordered polytomous logistic regressions (generalized Logit Model). Indeed, the structure of the dependent variable-more than two mutually exclusive clusters-requires the implementation of a polytomous logistic regression taking account of all the concurrent alternatives for this dependent variable. 27 A 'healthy lifestyle' cluster was used as a reference. The clusters were ranked according to their distance from the reference cluster using the Ward method. The models were adjusted on the following: demographic and socio-economic variables; BMI categories (on account of the frequent association between depression and obesity); 28 and the number of other chronic illnesses reported over the study period (CIM-10 coding) because of the frequent association between depression and chronic conditions. 29 The Cochran-Mantel-Haenszel rank method was used to test for a monotonous relationship between the presence of probable depression and belonging to a cluster, on the hypothesis that these clusters were ordered according to an increasing gradient of accumulated HRBs. The statistical analyses were performed using SAS software version 9, using procedures to take account of the weightings (proc survey) and sampling (cluster option).
Results
Among the 17 355 subjects included in the study, 8356 were men and 8999 were women. Their average age was 47 years. The majority had normal weight, were blue-collar workers, Depression and health behaviour clusters had an above-average income, and complementary health insurance (table 1) .
A five-cluster solution was identified (figure 1, table 2). Cluster 1 groups 41.0% of the sample and is made up of subjects with relatively healthy lifestyles. Cluster 2 comprises 18.2% of the sample and mainly differs from the preceding cluster by comprising the highest proportion (100%) of nondaily-consumers-fruit-and-green-vegetables. Cluster 3 concerns 17.0% of the sample and mainly differs from the two preceding ones by the highest proportion (100%) of regular alcohol consumers. Cluster 4 includes 16.3% of the sample and comprises 100% smokers, and cluster 5 includes 7.5% of the sample and is characterized by 100% frequent binge drinkers. The cumulate frequency of HRBs shows a graduation in the accumulation of HRBs from Cluster 1 (healthy lifestyles) to Cluster 5 (which cumulates all the HRBs) (table 2). The weighted Kappa value comparing the cluster solution observed on the initial sample with the solution obtained from the subsample comprising one individual per household was 0.65 showing good cluster agreement between the two samples.
Cluster 1 was mainly made up of women (table 1) but comparable with the overall sample for mean age, weight, socio-economic variables and chronic illness. Cluster 2 comprised mainly women and subjects younger than in Cluster 1, but was otherwise comparable for the other variables, with the exception of prevalence of probable depression, which was higher. Cluster 3 was distinct from the others in particular by mean age, the proportion of overweight subjects, and by subjects from the higher socioprofessional categories. The prevalence of probable depression in this cluster was however close to that of cluster 1. Clusters 4 and 5 were made up of the youngest individuals, with a large proportion of non-qualified workers with low incomes. In contrast to Cluster 4, Cluster 5 comprised a majority of men.
The multiple regressions showed that belonging to Clusters 2 (non-daily-consumers-fruit-and-green-vegetables), 4 (daily smokers) and 5 (cumulate risk-takers) was significantly more probable in the presence of probable depression, but belonging to Cluster 3 (regular alcohol users, table 3) was not. Odds ratios for the presence of probable depression or the depressiveness score increased with the rank of the clusters (cumulate frequency of HRBs) (Cochran-Mantel-Haenszel test: P < 0.0001).
Discussion
These results need to be viewed in the perspective of the methodological limitations of the study. First, although the participation rate was fair (68.8%), the percentage of useable questionnaires among the participants (57.9%) was rather low. The sample was therefore weighted to take account of the characteristics of non-participants as well as of individuals who did not provide a useable questionnaire. This limits, but does not remove, selection bias, in particular with respect to the health of individuals. Second, the cross-sectional design of the study does not make it possible to establish a temporal relationship between the supposed causal factor in the present analysis (depression) and the HRBs clusters. The notion that certain HRBs might favour depressive states has been brought up in the literature, for HRBs considered separately, notably concerning tobacco, 5, 6 restrictive eating behaviours, 13 physical inactivity 9,10,30 and chronic alcohol misuse. 31 In particular, tobacco use could favour depression since the neurotransmitter system affected by certain components of tobacco smoke bears similarities with the neurotransmission mechanisms implicated in the biological mechanisms of depression. 32 Data of this nature are not however, to our knowledge, available on the subject of the co-occurrence of these HRBs.
As the data used in the present study is self-reported, depressive state at the time of the interview might have affected the way in which respondents reported their behaviours (reporting bias). The questionnaire used in the Decennial Health Survey to document health behaviours is brief. It was used because it is well adapted to a population survey with major time constraints, since many aspects of health and health behaviours were evaluated in this survey. The stability of responses on this type of measure has been demonstrated over short periods in the European Health Behaviour Survey 33 and also long-term stability (several months) in studies in Figure 1 Cluster analysis result: tree diagram the USA. 34, 35 These studies indicate a strong habit component for many HRBs, which lessens the risk of reporting bias.
The prevalence of cases of probable depression was identical among men and women, a finding that is not in line with data in the literature.
1,2 This result is probably linked to the fact that the recommended thresholds in the French-validated version of the CES-D are different for men and women. 18 However, the international threshold (CES-D score 16 or more for either gender) 19 is lower than the French thresholds and not very specific. Using this threshold in our study, the prevalence of probable depression would have been 16.4% for men and 29.6% for women, which are high estimates in relation to those obtained with French diagnostic tools, 36 but the results of the analyses of the links between probable depression and belonging to a cluster were similar to those obtained using the French thresholds. Alongside the Depression and health behaviour clusters above-mentioned methodological limitations, this analysis has the advantage of being adjusted on several confounding factors. 6 Indeed certain authors indicate that the links observed between tobacco use and depression are affected by confounders, in particular social parameters. 5 The present analysis is adjusted for different socio-economic factors (income, socio-professional category, complementary health coverage) which are associated both with HRBs and with depression risk. 37 It is also adjusted on reported chronic morbidity and BMI categories, which can be at once linked to the HRBs under study and to depression. 28, 29 Probable depression was associated with the co-occurrence of HRBs in different health domains (eating habits, physical activity, psychoactive substance use): this is a new result for the adult general population. Our results suggest that in presence of probable depression, various HRBs tend to cluster statistically more frequently than would be expected in the absence of depression: the greater the number of HRBs, the stronger the association with probable depression (P Wald associated with probable depression <0.0001, table 3). Moreover, the higher the severity of depressiveness, the greater the number of HRBs (dose-effect relationship). Our results also suggest that depression is associated with different patterns of HRBs (Clusters 2, 4 and 5) but not with all patterns (Cluster 3, although it corresponds to non-negligible HRBs). Clusters 4 and 5 were characterized by the highest cumulate frequencies of HRBs and the highest frequencies of daily smokers and binge drinkers respectively; their mean age was lower than that of other clusters. Cluster 2 presented a different pattern, as it did not include daily smokers or binge drinkers, but individuals with low fruit and vegetable consumption and non-regular sporting activity: it was composed of a majority of middle-aged women with low or modest socio-economic level. Finally Cluster 3, the oldest group, included the highest percentage of regular alcohol drinkers and was not associated with probable depression, probably because regular alcohol use, as defined in this analysis, is not a indicator of impaired mental health. The associations between the clusters and probable depression cannot be explained by their specific socio-demographic characteristics, as they were adjusted for in the multiple analyses.
Little research has approached the possible links between depression and HRBs with respect to their co-occurrence in the general adult population. Clustering of HRBs has been increasingly pinpointed in studies on young people. 17, [38] [39] [40] Some studies have established a relationship between healthrisk behaviour clustering among young people and psychosocial factors such as poor mental health (stress, low self-esteem, anxiety, depression) poor educational achievement or personality traits. 39 Regarding the links between depression specifically and clusters of HRBs, again published work concerns young people. [14] [15] [16] These studies explore types of behaviour (such as driving after using alcohol, carrying weapons, binge drinking, marijuana or illicit substance use, risk-prone sexual intercourse) involving immediate risk or risk of chronic illness. They do not explore physical activity or eating habits. Most of these studies are not adjusted on socio-economic factors.
Depression could influence HRBs in several ways: anhedonia and withdrawal (central symptoms in depression) could account for diminished interest in health, and lesser receptiveness to health education messages (dietary recommendations for example), lesser sporting or physical activity, 10 and difficulties quitting tobacco use. 41 Depression has also been found associated with restrictive eating habits that could explain lesser consumption of fruit and vegetables (Cluster 2). 12 It is also possible that depression alters risk perception, which is itself associated with HRBs. 39 Finally, community surveys show substantial comorbidity between depression and alcoholism:
7 alcoholism often develops secondarily to depression or anxiety and alcohol is commonly used to self-medicate symptoms of negative affect. 7 In our study, only the cluster of binge drinkers was associated with depression, not the cluster of regular alcohol consumers (Cluster 3): binge drinking is an indicator of increased risk of alcoholism (alcohol abuse or dependence) while regular consumption of alcohol alone is not. 20 Although our findings should be confirmed in other settings with prospective designs, their potential implications are important. First, as we show that certain population subgroups cumulate various HRBs, this questions the usual design of health education campaigns and interventions at two levels: (i) should they target specific groups? Indeed, receptiveness to such campaigns probably varies in population subgroups according to their more or less healthy lifestyles; (ii) should they address several risks at the same time, rather than solely separately, in compartmentalized manner? Second, our results could be useful for preventive action in the context of medical consultations. In prevention consultations, the psychological state of the subjects needs to be taken into account, and depression should be systematically screened for. Third, care delivery in depression should systematically entail particular vigilance as to the way in which various health recommendations are complied with in the course of treatment. 
Key points
Certain subgroups of the adult general population cumulate various health risk-related behaviours in different domains (eating habits, physical activity, psychoactive substance use).
Our results suggest that probable depression is associated with a higher risk of co-occurrence of these health risk-related behaviours in the adult general population, independently from socioeconomic factors and somatic comorbidity. These results question usual designs of health education campaigns that do not target multiple risks takers. In prevention consultations, the psychological state of the subjects needs to be taken into account, and depression should be systematically screened for. Care delivery in depression should systematically entail particular vigilance as to the way in which various health recommendations are complied with in the course of treatment.
